We describe a method to ligate a PCR-amplified DNA fragment with T-protruding cassettes, which have multiple sites for endonuclease, promoter sequences of T3 and T7, and annealing sites for the universal M13 forward and reverse primers. This method, which we named T-cassette ligation, substantially facilitated direct sequencing and subcloning of PCR products. Two T-cassettes with a protruding T at their 3' ends were obtained by annealing adaptor oligomers to Xbal-or Xhol-digested pBluescript. A DNA fragment amplified by the first PCR was ligated separately to one of the two T-cassettes. The second PCR was performed using a primer complementary to one of the two T-cassettes and one of the two primers used for the first PCR to amplify the ligation product in low abundance. The resultant two DNA fragments had the T3 and T7 promoter, and an annealing site for the universal M13 forward and reverse primer, respectively. These DNA fragments were applicable to direct sequencing. For the purpose of subcloning, the third PCR was carried out with two primers each complementary to each of two T-cassettes and two PCR-amplified DNAs by the second PCR, as templates. The PCR product of the third PCR had multiple sites of the pBluescript polycloning site at both ends, facilitating its subcloning into pBluescript.
PCR selectively amplifies a discrete DNA segment from genomic or complementaw DNA. However, subcloning of an amplified DNA fragment into a plasmid is often troublesome and time-consuming. Because Taq DNA polymerase used for PCR has the template-independent terminal transferase activity, I1~ ligation of a PCR product to a blunt-ended vector is not effective. ~2~ To overcome this problem, blunt-ending of PCR products with the Klenow fragment of DNA polymerase I, ~2~ or creation of sticky ends by introducing restriction endonuclease recognition sites at the S' ends of the two amplification primers, is often used. <~' 4~ In addition so-called T vectors were devised, ~s-7~ because the Taq DNA polymerase has strong preference for dATP in the template-independent terminal transferase activity. ~1~ Two different ligase-independent methods to clone amplified DNA fragments with long annealing sequences and unligated gaps were reported/8-1~ The trimming methods for making specific sticky ends were reported, in which both a PCR product and a cloning vector were trimmed using T4 DNA polymerase and Klenow fragment. (4'11,12) Here, we developed a highly efficient T-cassette ligation method by incorporating a PCR amplification step after ligation. T-cassettes with a protruding T at the 3' end have multiple sites for endonuclease recognition, the T3 and T7 promoter sequences and annealing sites for the universal M13 forward and reverse primer. Because of these sequences, both direct sequencing and subcloning of a PCR-amplified DNA fragment are greatly facilitated.
MATERIALS AND METHODS

Genomic DNA Isolation
High molecular weight DNA was prepared from peripheral white blood cells from a healthy volunteer and a lung cancer cell line of Lu6S by the standard method/13) Lu6S, which was provided by S. Hirohashi (National Cancer Center Research Institute, Tokyo, Japan), has a point mutation of the K-ras gene at codon 12 [GGT(Gly) --~ TGT(Cys)]. C14)
Synthesis of Oligomers
Two adaptor oligomers oRB729(XbaI) and oRB730(XhoI) to construct two T-cassettes, pBluescript annealing primers of oRB14, oRB1S, oRB399, and oRB401, and primers of FIM-1 and FIM-2 to amplify the K-ras gene are listed in Table 1 . These oligomers were synthesized by ABI 392 DNA/RNA synthesizer (Applied Biosystems, Foster Ci W, CA).
Construction of Two Annealing T-cassettes
T-cassettes with a protruding T at their 3' ends were constructed by the sequential steps shown in Figure 1 
adaptor for Xbal-digested pBluescript adaptor for Xhol-digested pBluescript forward primer complementary to pBluescript forward primer complementary to pBluescript reverse primer complementary to pBluescript reverse primer complementary to pBluescript forward primer to amplify, the K-ras gene reverse primer to amplify the K-ras gene 95~ for 3 rain and a n n e a l e d by cooling to room temperature. We n a m e d the oRB729(XbaI) a n n e a l i n g cassette cBT1 and the oRB730(XhoI) a n n e a l i n g cassette cBT2.
PCR amplification and Ligation with Two Annealing T-cassettes
The flowchart, as s h o w n in Figure 2 , includes the first PCR, ligation with one of the two a n n e a l i n g T-cassettes, the second and third PCRs. To amplify a 162-bp DNA fragment of the K-ras gene in the first PCR, mixture was made in 10 Ftl c o n t a i n i n g 1 p~M each of FIM-1 and FIM-2 primers, 200 p.M of dATP, dCTP, dGTP, and dTTP, 100 ng of h u m a n genomic DNA as a template, and 0.025 U/~l of Taq DNA polymerase (Kurabo, Osaka, Japan) in 10 mM Tris-HC1 (pH 9.0 at 25~ containing 50 mM KCI, 1.5 mM MgC12, and 0.1% Triton X-IO0. Thirty reaction cycles at 95, 55, and 72~ for 1, 1, and 2 min, respectively, proceeded in a Program Temp Control System PC-7OO (Astec, Fukuoka, Japan). After the last cycle, polymerization at 72~ was extended to 10 m i n to complete the elongation reaction. After PCR amplification, electrophoresis was performed on an 8% polyacrylamide gel. A 162-bp b a n d was cut out and DNA was extracted by the "crush FIGURE 1 Schematic presentation of the construction of T-cassettes. A plasmid of pBluescript II SK+ was digested with Xbal or XhoI. The adaptor oligomer of oRB729(XbaI) or oRB730(XhoI) was added to the XbaI-or Xhol-digested pBluescript, respectively. The mixtures were heat-denatured and annealed by cooling to room temperature. We named oRB729(XbaI) annealing cassette as cBT1, and oRB730(XhoI) annealing cassette as cBT2. FIGURE 2 PCR amplification and ligation with two T-cassettes. The first PCR was performed with a pair of FIM-1 and FIM-2 primers using a genomic DNA as a template and a 162-bp DNA fragment of the K-ras gene was amplified. The T-cassettes of cBT1 or cBT2 were ligated to the amplified K-ras gene. The second PCR was performed using one of primers complementary, to T-cassettes (oRB399 or oRB401) and one of the primers complementary to the K-ras gene (FIM-1 and FIM-2). The K-ras gene ligated to cBT1 or cBT2 was used as a template. The third PCR was carried out using a pair of primers of oRB399-oRB401 or oRB14-oRB15 complementary to T-cassettes. The second PCR products, which had cBT1 or cBT2 at the 5' end, were mixed and used as templates. and soak" m e t h o d (~s~ with slight modification. Briefly, gel slice was crushed and suspended in about 2 volumes of elution buffer c o n t a i n i n g 0.5 M a m m on i u m acetate, 10 mM m a g n e s i u m acetate, 1 mM EDTA (pH 8.0), and 0.1% SDS. The crushed gel was incubated at 37~ for several hours with shaking and centrifuged at 15,000 rpm for 2 m i n at 4~ The supernatant was transferred to a fresh microcentrifuge tube. The pellet was resuspended in about 0.5 v o l u m e of elution buffer and centrifuged again. Two supernatants were c o m b i n e d and centrifuged. The supernatant was ethanol-precipitated twice. The recovered DNA was dissolved in 10 pd of deionized and autoclaved water (DA water). From 3.3 to 3.7 ng of the amplified and extracted K-ras gene in 0.5 p,l and 20 ng of cBT1 or cBT2 T-cassette in 0.5 ~l were ligated using a DNA ligation kit (Takara, Kyoto, Japan) in a total v o l u m e of 6 ~l at 16~ for 1 hr. The molar ratios of a PCR product to a T-cassette used in the initial ligation were 3.0-3.4:1.
The second PCR was performed using primers (oRB399 or oRB401) complem e n t a r y to T-cassettes and one of the primers (FIM-1 and FIM-2) c o m p l e m e ntary to the K-ras gene, in a total v o l u m e of 50 ixl. One microliter of the K-ras gene ligated to cBT1 or cBT2 was used as a template. Forty-five microliters of the second PCR product was electrophoresed on an 8% polyacrylamide gel and DNA was isolated by the slightly modified crush and soak method. The r e m a i n i n g 5 p,l was diluted 10 times with DA water and used as a template for the third PCR.
The third PCR was carried out using a pair of primers (oRB399-oRB401 or oRB14-oRB15) c o m p l e m e n t a r y to T-cassettes in a total v o l u m e of 50 I~l. The second PCR products, w h i c h had cBT1 or cBT2 at the 5' end, were mixed and used as templates. The amplified DNA fragm e n t was electrophoresed and extracted as described above. The resultant DNA fragment was digested with NotI (BMG) and XhoI (BMG) and cloned into pBluescript.
Endonuclease Digestion
Five microliters of the second or third PCR products was digested with 5-10 
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Nucleotide Sequencing
Nucleotide sequence was determined using the Taq Dye Primer Cycle Sequencing Core Kit (401112) in the ABI 373A sequencer. The DNA fragment, which was amplified by the second PCR and extracted by the slightly modified crush and soak method, was used as a template for direct DNA sequencing. The DNA fragment, which was amplified in the third PCR and cloned into pBluescript, was also used as a template. Figure 1 , T-cassettes of cBT1 or cBT2 with a single protruding T were constructed by digesting pBluescript with XbaI or XhoI, heat-denaturing, and annealing with the adaptor oligomer oRB729(XbaI) or oRB730(XhoI).
RESULTS
As shown in
As shown in lane 2 of Figure 3 , a 162-bp DNA fragment of the K-ras gene containing codon 12 was amplified by PCR using a pair of primers of FIM-1 and FIM-2. The 162-bp band was cut out from the gel and extracted. The amplified K-ras gene was ligated to the T-cassette of cBT1 or cBT2 and used as a template for the second PCR. The second PCR was performed using a pair of primers of oRB399-FIM-2 or oRB401-FIM-1. A 342-bp DNA fragment, w h i c h was amplified with oRB399-FIM-2 (Fig. 3, lane 3 (Fig. 3, lanes 4-7) . A 377-bp DNA fragment, which was amplified with oRB401-FIM-1 (Fig. 3, lane 8) , c o n t a i n e d the T3 promoter sequence, the annealing site for universal M13 reverse primer, and multiple endonuclease recognition sites of SacI, BstXI, SaclI, NotI, EagI, XbaI, (Fig. 3, lanes 9-12) . The DNA fragment amplified with oRB399-FIM-2 and the DNA fragment amplified with oRB401-FIM-1 were diluted 10 times with DA water and used as templates for the third PCR. The third PCR was performed using a pair of primers of oRB399-oRB401 or oRB14-oRB15. DNA fragments of SS7 and 464 bp were amplified with oRB399-oRB401 and FIGURE 4 A gel image of the second and third PCR products. lhe second and third 1' (~1{ products, which were digested with various endonucleases, were electrophoresed on an 8% polyacrylanl ide gel, and visualized with ethidium bromide staining and UV trans-illuminaticm. oRB14--oRB15, respectively (Fig. 4 Figure 4 show that the DNA fragment amplified with oRB399-oRB401 could be cut with KpnI, XhoI, EcoRI, BamHI, XbaI, NotI, and SacI, respectively.
The second PCR products, which were amplified with oRB399-FIM-2 or oRB401-FIM-1 using genomic DNA isolated from peripheral white blood cells of a normal control or a h u m a n lung cancer cell line of Lu6S, were subjected to direct DNA sequencing. As reported previously, ~4~ Lu65 was shown to have a point mutation of the K-ras gene at codon 12 [GGT(Gly) --~ TGT(Cys)] (Fig. S) .
The third PCR products, which were amplified with oRB399-oRB401 or oRB14-oRB15, were extracted from polyacrylamide gels and double-digested with NotI and XhoI. These DNA fragments were easily cloned into the pBluescript double-digested with NotI and XhoI. Their nucleotide sequences were identical with that of the second PCR products (data not shown), which confirmed that the K-ras gene was cloned successfully.
DISCUSSION
Because Taq DNA polymerase has an activity of template-independent terminal transferase, a DNA fragment amplified with the polymerase has a single nucleotide at the 3' end. ~ The added nucleotide is almost exclusively an A because of the strong preference of the polymerase for dATP.~I Taking this character into consideration, so-called T-vectors with a protruding T at the 3' end of the cloning site, were devised. ~5-7~ We used T-vectors, which are commercially available as a cloning kit (TA cloning kit of Invitrogen, San Diego, CA), but subcloning by this method was not effective in our hands probably because of low efficiency of ligation.
The principle of a T-cassette ligation method, as outlined in Figures 1 and 2 , includes the PCR amplification of the T-cassette ligated product in low abundance. We synthesized adaptor oligomers oRB729(XbaI) and oRB730(XhoI), which were annealed to the XbaI-or XhoI-digested pBluescript to construct T-cassettes of cBT1 or cBT2, respectively, with a single protruding T at the 3' end. A PCR amplified DNA fragment, which had a protruding A at the 3' end, was ligated to cBT1 or cBT2, independently. In the initial ligation, a T-cassette would be ligated to both ends of the first PCR product. The second PCR was performed using a primer complementary to pBluescript and one of the primers used for the first PCR. Therefore, the second PCR amplified a DNA fragment that was ligated to a T-cassette and it uses one of the two T-cassettes ligated at both ends of DNA fragment for PCR amplification. The resultant PCR product of the second PCR had either the T3 or T7 promoter sequence, the annealing site for universal M13 forward or reverse primer, and those multiple endonuclease recognition sites that are present in the pBluescript polycloning site. These PCR products could be used as a template for FIGURE 5 Direct sequencing of the second PCR products. The second PCR products with oRB399-FIM-2 using genomic DNA isolated from peripheral white blood cells of normal control or human lung cancer cell line of Lu65 as a template were subjected to direct DNA sequencing.
Arrowheads show the complementary T to the overhanging A at the 3' end of the PCR-amplified K-ras gene. The asterisk (*) shows T substituting for G at codon 12 of the K-ras gene of Lu65.
